Systems capable of diagnosing and characterizing a leakage in pipes are important not only to avoid losing material, but also for human health. For instance, in a building, a leakage of inflammable gas through pipes may lead to huge fire injuries or intoxication. For analysing the existence of gas material escaping from pipes, the acoustic method acts investigating the sounds signals in situations without leakage and in situations with simulated leakage. Microphones coupled to the lab scaled gas distributor pipe capture the acoustic signals in time which are further decomposed in their frequencies components by Fast Fourier Transform (FFT). Thus, a principal component analysis (PCA) is applied considering the amplitudes, in the respective frequency accused by the FFT method, as variables. It is revealed that it is possible to represent the system in smaller dimension size in which much of the original information preserves. For instance, plotting data in three dimensions, in terms of the three principal components, the representativity, or explained variance, is greater than 70% and some patterns become visually enlightened. In fact, 78 components are enough to get representativity greater than 90% against the original data that had the observations distributed in 6599 different amplitudes in frequency domain. In time domain, it is possible to note that the average absolute amplitude response from the microphones increases after disturbance but the farther it is its position related to the source of disturbance, the less it tends to increase.
Introduction
Any kind of unexpected leakage may lead to unnecessary waste and to unwanted events specially when the leaking material represents danger to human health. As an example, the leakage in the gas delivery system can put in harm lives and the well-being in its surroundings.
In the basis that leaking systems generate noise, some works have been published using the acoustic method to detect its occurrence [1] [2] .
Aiming to study further the behavior of the data acquired in time by the microphone, the wave can be processed by the mathematical method called Fast Fourier Transform (FFT) so the response in frequency could also be available for analysis. The Fast Fourier analysis is a faster way to proceed the Discrete Fourier Transform and it was introduced in 1965 [3] . As in the DFT method, it investigates the frequency components in a time domain wave. For studying, the book [4] gives several examples of signal processing including how to proceed a sample of analog signal before converting to digital signal and avoiding signal ambiguity, aliasing.
When data assumes a high dimensional size, a statistical analysis searching for the principal components (PCA) may be used. It consists in calculating the eigenvectors and the corresponding eigenvalues of the covariance matrix of the data. The eigenvectors are orthogonal to one another and the number of eigenvectors that can be calculated is equal to the number of dimensions of the data set. The eigenvalue represents the variance of the data surrounding the eigenvector. The eigenvectors with highest eigenvalues are the principal components, the new dimensions. The total dimension may be reduced leaving out components which have small eigenvalues. The percent variance test can be used to choose the final number of components capable of representing the original data set [5] .
Aiming at detecting gas leakage patterns, the present paper consists in analysing microphones sound. Generating representative data set in a smaller dimension, the method of Principal Component Analysis is applied to the frequency domain signal, resulted from the Fast Fourier Transform of the time-domain signal acquired.
Methodology

Experimental Setup
The system to simulate leakage consists in a ½'' diameter copper pipe of 53 m long, approximately. Simulations were conducted indoors and subjected to all eventual noises of the inside of a building (such as footsteps and voices) to approximate the simulation a real event of acquiring data. Coupled to this metallic pipe, there were used 5 microphones in different positions along the pipe. There are 7 drilled holes with different fixed diameters in different positions along pipe, but, for the purpose of this paper, only 5 were used to simulate leakage, one at a time.
Compressed air is pumped into the system and pressurized to 1 bar. Before entering the pipeline, the air goes first through a storage container to simulate the gas container in the distribution system. To induce leakage whenever necessary, the existing hole in the pipe is unfolded revealing the flaw and letting leakage occur naturally. The analogic signals accused by the microphones are first processed by a preamplifier capable of accommodating a maximum of 15 microphones. Then it is converted to digital signal in a National Instruments device, NI cDAQ-9178. The digital signal goes to a computer, in a so-called Virtual Instrument (VI) in Labview, programmed to acquire data with DAQ Assistant Express VI. The microphone response is acquired in Volts in an amplitude range of -10V to 10V variating with time. In a continuous sample acquisition mode, the Frequency of Sample is 30,000 Hz. Also, the transference of data acquired to the computer memory is made quantitatively in sets to be defined in Samples to Read, which was configured to 20,000. In the same VI, the signals pass through a digital filter which filters out any frequency below 100 Hz and above 10000 Hz, with the following settings: Bandpass Type, Butterworth Topology, order 10. After filtering, a Spectral Measurements Express VI is used to obtain the signal in frequency domain, configured with Hanning Window, the selected measurement is Magnitude (Peak), linear result. The results in time domain and in frequency domain are further analysed in Matlab. Figure 1 illustrates the copper pipeline used in the experiments, the gas entrace is at the bottom extremity (circled). Microphones 1, 2 and 3 (m1, m2 and m3) are in the front, while microphones 4 and 5 (m4 and m5) are in the back. A similar experimental setup is schematized in details in [6] . In a total of 8, experiments were conducted as exposed in Table 1 . Signal acquisition lasted approximately 100 seconds long. But, the first, approximately, 30 seconds of each configuration had no disturbance, that means, no leakage or strikes before this initial time.
In Table 1 , the Experiment 1 had no leakage and the only noise it was subject to was to the normal sound of the inside of a building such as people steps and talk.
To simulate situations with no leakage but with disturbances in the pipeline, Experiment 2 and 3 in Table  1 were conducted including strikes manually made in the system. Table 2 consists in the distance of the holes in study related to compressed air entrance in the pipeline. Table 1 
Leakage in the first hole "F1", diameter of 1 mm. Experiment 5 Leakage in the second hole "F2", diameter of 0.5 mm. Experiment 6 Leakage in the third hole "F3", diameter of 2 mm. Experiment 7
Leakage in the fourth hole "F4", diameter of 1 mm. Experiment 8
Leakage in the seventh hole "F7", diameter of 0.5 mm. For PCA analysis, only data generated after disturbance is considered. Table 3 consists in the distance of the microphones related to the gas entrance. The different positions were chosen to evaluate the capacity of the microphones capturing a change in noise through the pipeline. 
Results
To analyse the change of the microphones response, Figure 2 represents the variation in the absolute amplitude of the acoustic wave in time when a leakage in the second hole (F2) is simulated, the average of all the absolute amplitudes in time before and after the disturbance are calculated to take the difference in each microphone. The farthest microphone, m5, had the smallest change.
Figure 2. Variation in the mean absolute amplitudes accused by the microphones after the preamplifier
The original observations had 6599 dimensions (variables) represented by 6599 different frequencies in which amplitudes were calculated by FFT with the acquisition settings in Labview described in section 2.1.
The representativity is resultant of the percent variance test, in which it is evaluated the percentage explained of total variance. Figure 3 consists in this test for PCA analysis for the amplitudes of the signals in frequency domain. The maximum number of dimensions data that could be plotted in principal components is equal to the original dimension size of 6599. But, in terms of principal components, it is possible to leave out dimensions which do not sum much in the explanation of total variance. For the given data, only three principal components explain 72.95% of total variance and close to 100% is acquired below 800 components. The amplitude, in frequency domain, of the acoustic wave in a system reacts differently according to its configuration, Table 1 . In previous work [7] , this characteristic was investigated by analysing directly the amplitude changing in frequency domain when a disturbance occurred. In Figure 4a and in Figure 4b , this characteristic could be realized by the different clustering features that separates one experimental configuration to another.
To better understand these features revealed by the PCA analysis, further investigation was conducted by isolating only one configuration and standing out the microphones data, as seen in Figure 5 considering only the configuration in experiment 5 and, in Figure 6 , experiment 6. In Figure 5 and in Figure 6 , patterns of each microphone in one selected configuration are also observed in different sets with similar behavior. That is, not only the size of the drilled hole causing the gas leak has effects in the patterns of the plot, but the position of the microphone related to the source of leakage should also be noted.
Conclusion
The microphone response to detect disturbance in a system can be analysed in time domain and in frequency domain. In time domain, it is possible to realize in a relatively fast way that the sound absolute amplitude increases when it is induced the disturbances studied in the present work. In fact, from Figure 2 , it is possible to realize that, even more than 40 meters away from the disturbance source, microphones could detect a change in the system. To further understand the change itself, data (decomposed in its frequency domain) is plotted against its three principals components (the three with the highest variance explained).
In frequency domain, it is possible to analyse the amplitude changing in a given frequency. In Principal Component Analysis, the first three principal components themselves contain 72.95% of the original variance, representing a relatively good approximation of the original set of data in a much smaller dimension that can be plotted and patterns of the data become visual.
When all data is plotted in only three dimensions, it is possible to distinguish different clustering sets that are related to different configurations of no-leakage and leakage experiments. In a more detailed plot, containing only one experimental conformation data, it indicates that each microphone also has a clustering feature as well. Thus, considering that the major difference from one microphone to another is the position it assumes along the pipeline, and summing with the given results in Figure 2 in which amplitude in time diminishes with distance, it suggests one possible factor effecting in the clustering patterns is the amplitude of the wave captured by the device. Further investigation can be done with leaking fluids with others parameters (e.g. density and viscosity) and using pipes made of other material (polymers, for instance) to study how these characteristics influence in the sound response. Also, an outdoor experimental setup could be proceeded as well and be subject to the respective system environmental noise. In the present paper, the PCA showed itself to be a good tool to compress dimensions in data set. Also, when data were compressed to only 3 dimensions, it was possible to distinguish different clustering sets. But, from Figure 3 , greater approximations are achieved when the number of principal components (dimensions) increases. Up to 200 principal components would be enough to represent the original data set with 97.88% of the original variance, which is a good approximation for most systems. In that way, since it is not possible to plot more than three dimensions, it is worth of investigation to test another mathematical method in conjunct with PCA, such as neural networks.
